Generalised Beam Theory (GBT) is an efficient and elegant method of analysis to describe the behaviour of steel and composite members that include thin-walled sections. This paper presents an overview of the work carried out to date on a particular GBT approach whose distinguishing feature is to use dynamic analyses for the identification of a suitable set of deformation modes that, in the general version of the methodology, includes conventional, extension and shear modes. With this approach, the deformation modes are selected as the dynamic eigenmodes of an unrestrained planar frame representing the cross-section. The initial formulations of this approach considered the full shear interaction analysis of steel and composite members. These were later extended to account for the partial interaction that can exist within parts of two-layered and multi-component sections. Numerical examples are presented to highlight the ease of use of the GBT formulation and the accuracy of the numerical results is validated against those calculated with a shell finite element model developed in ABAQUS.
INTRODUCTION
Generalised Beam Theory (GBT) is an efficient and elegant method to study the structural behaviour of thin-walled members. The idea at the basis of the GBT relies on describing the displacement field of a thin-walled member as a linear combination of deformation modes of the cross-section, which include both in-plane and warping deformations, and intensity functions (or amplitude modes), which are unknown and need to be evaluated from a member analysis. With this arrangement, the GBT approach makes use of two analyses: (1) a crosssectional analysis aimed at evaluating a suitable set of deformation modes, and (2) a member analysis required for the determination of the intensity functions. This approach falls within the Kantorovich's semi-variational method, aimed at reducing the dimensionality of a problem through a technique of partially-assumed modes. Based on this, a three-dimensional continuous problem is transformed with the GBT into a vector-valued one-dimensional problem. The GBT was originally proposed by Schardt [1, 2] in the 1980s. In following years, the applicability of the GBT approach was extended to a wide range of thin-walled members and problems, e.g. [3] [4] [5] [6] [7] . The GBT principles of describing the structural response as a combination of different modes were applied to the finite strip method and finite element method to reduce the number of freedoms required in performing buckling investigations [8] [9] [10] . Extensions to avoid the limitations related to the assumptions of inextensibility and shear undeformability included in the original formulation of the GBT have been proposed in the recent years, e.g. [11] [12] [13] .
In this context, this paper intends to provide an overview of the developments that took place to date on a particular typology of GBT approach whose distinguishing feature is to rely on the use of a dynamic approach for the identification of the cross-sectional deformation modes. This procedure is applicable to open, closed and partially-closed cross-sections such as those depicted in Figure 1 . In the first part of the paper, the GBT approach suitable for the full shear interaction of steel and composite member is presented. Initial efforts in this area focused at the identification of the conventional modes and the formulation was then further refined to consider the evaluation of the additional extension and shear modes. In the second part of the paper, the attention is devoted to the partial interaction analysis of two-layered and multicomponent members that are representative of both assembled steel cross-sections and of composite members. In this case, the partial interaction accounts for the deformability of the shear connection that connects different components forming a cross-section in both longitudinal and transverse directions considered in the plane of the interface. 
GBT APPROACH FOR FULL SHEAR INTERACTION OF STEEL AND COMPOSITE MEMBERS
With the GBT approach, a member in its undeformed condition is assumed to occupy the cylindrical region = × [0, ] formed by moving its cross-section , with regular boundary , along a rectilinear axis normal to the cross-section and parallel to the Z-axis of an orthonormal reference system { ; , , }. In the framework of the GBT, the member is described by a set of (generally, but not necessarily, flat) thin plates, free to bend in the plane of the crosssection. The displacement field of the plate's mid-surface is expressed as:
where is the curvilinear abscissa along the sections mid-line , is the coordinate along the member axis, , and are unit vectors in the tangential, transverse and longitudinal directions respectively, and ( , ) , ( , ) and ( , ) are the corresponding scalar displacement components in each direction (Figure2). The initial formulation of the GBT methodology based on the dynamic approach was derived for a prismatic thin-walled member formed by an open, closed and partially-closed section as illustrated in Figure 1 [14] . Reference [14] only considered conventional modes that, consistently with the definition provided in [13] , are assumed to include the in-plane rigid-body modes, the distortional ones, the local (bending) ones and, when dealing with closed sections, an additional mode representing the case of pure torsional shear flow. These modes are based on Vlasov's assumption of (i) plate tangential inextensibility and (ii1) null membrane shear Abaqus strain for open sections or (ii2) piece-wise constant membrane shear strain for plate segments belonging to branches of partially closed sections. With the procedure of [14] , the frame defined by the cross-section geometry was discretized and analyzed to determine the in-plane dynamic modes of the cross-section. Each dynamic mode was then used to define the in-plane deformations of each conventional mode. Internal constraints prescribing plate inextensibility in the cross-section plane were enforced in the analysis, according with the Vlasov's hypothesis (i). The warping components of each conventional model were subsequently obtained from the assumptions of nil (ii1), or constant (ii2), membrane shear. In [14] , the numerical results were validated against those obtained with an Abaqus shell element model and selected results for the case of a lipped section subjected to a distributed loading applied to the web are presented in Figure 3 (in which values calculated using the Vlasov beam theory are also provided for reference). [15] . With the aim of enabling the discretisation of the plate segments composing the cross-section by means of one discrete element, a stiffness element that included the analytical solutions of the dynamic problem as its approximated displacement functions was presented in [16] . While such an approach leads to a coarser discretisation, it also leads to a more complex eigenvalue problem to be solved for the evaluation of the dynamic modes. The possible inclusion of vertical stiffeners welded at discrete points along a member were considered in [17] .
In 2014, a new procedure was presented for the identification of the deformation modes that included extension and shear modes [18] . These modes are defined as follows [13] : (i) extension modes are associated with in-plane elongation or shortening of the plate segments, and (ii) shear modes have null in-plane displacements and non-zero warping. The particularity of the procedure can be outlined by considering an infinitesimal length of the member that is susceptible to in-plane and warping oscillations as depicted in Figure 4 by considering a channel section. The infinitesimal segment describing the in-plane oscillations behaves like an unrestrained extensible frame while the one depicting the warping oscillations behaves as an unrestrained pure shear beam. The relevant deformation modes are then determined by solving two eigenvalue problems, i.e. a planar and a warping eigenvalue problem. Representative results used in [18] for the model validation are shown in Figure 5 . The dynamic procedure outlined in [18] has been modified and refined in following papers, e.g. [19] [20] [21] , with the aim of simplifying the deformation mode identification process and of overcoming the possible localized character of the deformation modes obtained in [18] . 
GBT APPROACH FOR PARTIAL SHEAR INTERACTION OF TWO-LAYERED AND MULTI-COMPONENTS
The applicability of the dynamic GBT approach was extended in [22, 23] to study the partial shear interaction behaviour of composite steel-concrete members. With such an arrangement, relative movement, usually referred to as longitudinal slip, can occur between the two component forming the composite section in the longitudinal direction. The novelty of this work relies on the ability of the proposed approach to identify a suitable set of GBT deformation modes that account for the partial shear interaction of the composite member. As carried out for the full interaction case, the deformation modes are selected as the dynamic eigenmodes of an unrestrained planar frame representing the cross-section. Warping is then evaluated for the conventional modes in a post-processing stage taking account of the kinematic discontinuity at the interface, while in the evaluation of the shear modes the partial interaction behaviour is included in the out-of-plane dynamic analysis. This advancement is particularly useful for composite members in which steel sections have more than one line of shear connectors embedded within the concrete slabs, as it is the case, for example, of composite box girders typically used in bridge applications. In these instances, the development of slip produces a deformation of the cross-section. Subsequent work extended the relative movement between the composite components to take place in both longitudinal and transverse directions, and the transverse partial interaction was included in the in-plane cross-sectional analysis performed for the deformation mode identification [24] .
Most recent work extended the partial interaction representation from a two-layered member to a multi-component arrangement as, for example, depicted in Figure 6 [25] . In such configuration the longitudinal and transverse slips were defined within the interface plane identified within adjacent components as illustrated in Figure 7 . Representative results of the model validation presented in [25] are reported in Figure 8 for a multi-component member subjected to an eccentric loading. Most recent advancements related to the inclusion of square or rectangular opening and of tapered ends within multi-component members. An example of such detailing is depicted in Figure 9 . The model validation performed for a composite beam, typically used in building composite floors, is presented in Figure 10 . 
CONCLUSIONS
This paper has presented an overview of the work carried out to date on a particular typology of GBT approach whose distinguishing feature is to rely on the use of a dynamic approach for the identification of the cross-sectional deformation modes. The procedure is applicable to general cross-sections, e.g. open, closed and partially-closed cross-sections. In the first part of the paper, GBT models suitable for the prediction of full shear interaction have been introduced and representative validation results have been provided to highlight the ease of use and accuracy of the GBT approach considering numerical values obtained with shell finite element models developed in Abaqus as reference. More recent extensions to account for the partial interaction that can occur in structural members when these are composed by components interconnected by means of deformable devices have also been presented considering both twolayered members and multi-components. Latest work dealing with web openings in composite solutions have been outlined. Representative validation values have also been provided for the case of partial interaction analysis.
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